Considering that 100 g of protein contain an average of 16% nitrogen, the following formula was used to convert nitrogen into protein: Protein % = N% × 4.38 for mushrooms.
Water activity (Wa) in mushrooms was determined by using a Pawkit water activity analyzer with calibration and adjustment technical certificate (BRASEQ, 2005) .
The refraction index of the sugar solution contained in raw matter, formulated substrates and mushrooms was measured by means of refractometry. Samples were homogenized and diluted in distilled water and big particles were discarded. 1 to 2 drops were transferred to the refractometer prism and read in the Brix° scale (CARVALHO et al., 2002) .
The humidity content of samples mentioned was obtained by dissection method in stove at 105 °C, until mass was constant. One gram of each crushed sample was weighed with 0.01 mg analytical scale (three repetitions per sample), inside previously tared crucible; the material was dried in stove at 105 °C for four hours. After that, crucibles were transferred to a dissector with dehydrator (silica) and cooled down to environment temperature; next, they were weighed and the procedure was repeated until mass was constant.
Dissected samples were submitted to extraction with cold solvents mixtures by means of the Bligh and Dyer method in triplicates, with chloroform, methanol and water as solvents. The lipids amount was obtained by weighing and the results are expressed in grams per 100 g of sample (CARVALHO et al., 2002) .
The total fiber content was determined by the Weende method (ASSOCIATION..., 1997). Then, samples were submitted to alkaline digestion in 1.25% NaOH solution medium.
The ashes content of a sample corresponds to the fixed mineral residue obtained after the decomposition of all organic components. The analysis comprised dissection of samples, weighing of about 1g in triplicate, carbonization and calcination in muffle at 550 °C. The results were expressed in % (ASSOCIATION..., 1997).
The total carbohydrates content was obtained by means of subtraction (100 -total grams of humidity, protein, lipids and ashes), including fiber fraction. The result is given in percentage values (LA RED..., 2002; UNIVERSIDADE..., 2006 
Results and discussion
The carbon contents in the mushrooms presented close values, even when grown in different residues (36.27-37.37 %) ( Table 1) . Nitrogen content, however, was higher in the species chosen, strains, kind of substrate used, maturation degree, type of storage, analyzed parts and conservation procedure (CRISAN; SANDS, 1978; FURLANI, 2004) .
The objective of the present study was to evaluate the nutritional composition of mushrooms using agricultural and agro-industrial residues from the Amazon as substrates.
Materials and methods
The study was carried out at the Laboratory of Soils and Plants Analyses and the Fishing Laboratory of the Research Coordination of Forest Products (CPPF) of the Amazon National Research Institute (INPA) and at the Analytical Central of the Federal University of ' Amazonas' .
The wood residue was originated from the local wood industry. The agro-industrial residues came from microindustries producing sugar cane juice and Bactris gasipaes Kunth stipe resulted from heart-of-palm production. Collection, drainage and preparation of the material were carried out at the CPPF/INPA.
Simarouba amara Aubl. and Ochroma piramidale Cav. ex. Lam sawdust was used in the preparation of the substrate. The agro-industrial residues came from Saccharum officinarum (crushed sugar cane) and Bactris gasipaes Kunth. All samples were dehydrated in a solar dryer at CPPF/INPA and packed separately in 100 L plastic deposits until the substrate preparation for the test with the fungus, according to Sales-Campos (2008) .
Substrates with both wood and agro-industrial residues were individually prepared. Each substrate was re-humidified to around 70% and added with 2% calcium carbonate (in relation to dry weight) to keep pH around 6.5. Next, substrates were placed inside glass bottles and sterilized below 121 °C for one hour. After inoculation in aseptic conditions, incubation was performed inside a climatic chamber for one month, at the temperature of 25 ± 2 °C and relative humidity of 80-85%, until primordia emission, when the temperature of the chamber was reduced to 25-22 °C and the relative humidity was changed to 85-90%. A thermal (20 °C) and hydrous shock was applied after the first flow, in order to induce another fructification.
After cultivation, mushroom samples were arranged according to collection source (substrate) and codified according to the residue used as substrate: SIAMP (Simarouba amara Aubl.); SIAPB (Ochroma piramidale Cav. ex. Lam.); SIAPP (Bactris gasipaes Kunth) and SIACN (Saccharum officinarumcrushed sugar cane).
Mushrooms from each substrate were homogenized and dried in stove with circulating air at 55 °C.
The determination of mushrooms pH was performed using a previously calibrated potentiometer with 7 and 4 buffers, according to the methodology recommended by A.O.A.C. (1997) .
The organic carbon was determined by the Walkley Black method, according to Mendonça and Matos (2005) .
The Kjeldahl method was used for total nitrogen analysis in three stages: digestion, distillation and titration (MALAVOLTA et al. 1989 ; A.O.A.C., 1997).
present higher values than vegetables like carrot and tomato, but not soy (CRISAN; SANDS, 1978) .
The N-to-protein conversion factor used to evaluate protein content was 4.38, which takes into account the exclusion of non-protean N coming from the chitin of the cell wall of fungi (MILES; CHANG, 1997), instead of the 6.25 normally used for most food, thus avoiding protean overvalue.
Protein contents found in the mushrooms grown in the several substrates used in the present study (11.96-21.16 %) ( Table 2 ) are within the range reported by Chang and Miles (1989) and Miles and Chang (1997) , which varies from 10.5 to 30.4% of protein in dry basis for P. ostreatus, also agreeing with the results found by Sturion and Oetterer (1995) , when they grew several Pleurotus species in several residues and obtained variations between 17.38 and 25%. The results still agree with data from Ranzani and Sturion (1998) , who analyzed different Pleurotus species grown in banana tree leaves that obtained variation from 17.4 to 24.1%, and the results reached by Furlani (2004) , who obtained about 22.22% of protein.
The highest protein contents of the mushrooms of the present study do not seem to be related to the highest protein contents found in the respective cultivation substrates, once the substrate with the highest protein content (SIAPP) yielded mushrooms with lower protein percentage (11.96%), while the mushroom grown in Simarouba amara Aubl. as substrate presented protein percentage of 21.16% (Table 2) . Similar results were obtained by Oliveira (2000) , who grew two P. ostreatus strains in different agricultural residues with higher protein content. However, the substrate with the highest protein content did not yield mushrooms with higher protein content in both tested strains.
P. tuber-regium cultivation was tested by Fasidi and Ekuere (1993) in banana tree leaves, corncob, cotton residue and rice straw. The protein contents of the mushrooms grown in the respective dry residues were 16.8, 15.4, 15.1 and 13%, respectively. The protein content of the mushroom grown in banana tree leaves is similar to the result presented for P. ostreatus grown in Ochroma pyramidale (16.12%)(Table2).
Low results were found for lipids contents in the mushrooms grown in different residues (1.27-2,14%), as presented in Table  2 , in agreement with several studies (CHANG; MILES, 1989; STURION, 1994; OETTERER, 1995; CHANG, 1997; OLIVEIRA, 2000; SAPATA, 2005) .
The results obtained were lower than the ones presented by Wang, Sakoda and Suzuki (2001) , when the same species was grown in malted grains residue (4.3-4.7% of lipid). They were also lower than the results found by Banik and Nandi (2004) , who used wheat straw + manure from animal feces (7.97-13.94% of lipid), and Furlani (2004) and Toro et al. (2006) , who found variations from 2.46 to 5.8% and from 4.58 to 5.19% of lipids contents.
Fibers contents varied according to the cultivation substrate and they were considered higher than the values found by Sturion and Oetterer (1995) in three Pleurotus species (9.9-23.93%) grown in different agricultural residues, mainly in mushroom cultivated in sawdust, with values of 4.83 and 3.68% for SIAMP and SIAPB, respectively. N content in the mushroom grown in crushed sugar cane was 3.35%, while the one grown in Bactris gasipaes Kunth residue presented N content of 2.73% and, consequently, lower protein content. The results agree with N values present in most mushrooms (2.27-5.13%), according to Chang and Miles (1989) .
Soluble solids present in the mushrooms varied according to cultivation substrates (Table 1) . SIAMP, SIAPB, SIAPP and SIACN values were 2.64, 1.64, 3.64 and 5.64%, respectively; the highest content was found in substrates formulated from Bactris gasipaes Kunth and crushed sugar cane. Soluble solids contents are likely to be associated to the presence of B-complex hydrosoluble vitamins. Also, mushrooms are sources of vitamins, such as: the B-complex, ascorbic acid, and ergosterol that turns into vitamin D in the presence of ultraviolet light (CRISAN; SAND, 1978; GUNDE-CIMERMAN, 1999; BERNÁS; JAWORSKA; LISIEWKA, 2006; ÇAGLARIRMAK, 2007) . However, analyses of the contents of these soluble solids and vitamins were not part of the objectives of this study.
Thiamin, riboflavin and niacin in P. ostreatus contents varied from 4.8-7.8, 4.7-4.9 and 55-109 mg.100 g -1 in dry weight, respectively, according to Çaglarirmak (2007) . The ascorbic acid content was considered high for the Pleurotus genus, according to Breene (1990 apud ÇAGLARIRMAK, 2007 varying from 36% to 58% for P. ostreatus and P. sajor-caju, respectively. pH values were practically similar among mushrooms cultivated in different substrates (6.25-6.48) (Table 1) , as well as values corresponding to water activity (Wa), which varied from 0.57 to 0.59. These Aa values are important to mushroom conservation because low water activity blocks microbial proliferation in processed (dry and pulverized) mushroom, as the microbial deterioration rate decreases as water activity gets close to 0.60 and there is no microbial growth below that value (EIRA, 2003) .
The mushrooms with the highest nutritional facts are close to meat and milk, while the ones with the lowest nutritional facts Total carbohydrates results (fiber fraction included) for mushroom samples SIAMP, SIAPB, SIAPP and SIACN were 57.71, 63.47, 66.89 and 67.52%, respectively, with the highest results found in the mushrooms grown in Bactris gasipaes Kunth (SIAPP) and crushed sugar cane (SIACN) residues. Those results occurred due to the high amount of total fiber (20.75 and 30.50%) present in the respective samples, which are part of the total carbohydrates, as well as to the low protein contents present in those samples.
The highest carbohydrates contents available (fiber fraction excluded) were found in SIAPP and SIAMP samples (46.15 and 38.82 %, respectively) (Table 2), due to the lower fiber percentages.
The higher the available carbohydrate and protein percentages present in the sample, the higher the total metabolizable energy. Carbohydrate and protein were found in higher amounts in SIAMP and SIAPP, with 251.32 and 246.64 Kcal for the respective samples. The results were lower than the ones reported by Miles and Chang (1997) 
for P. ostreatus.
A general analysis of the samples allowed the observation of a great variation in protein, lipid, ash, total carbohydrate, available carbohydrate and energy compositions in the mushrooms grown in all cultivation substrates, in agreement with several studies (FASIDI; EKUERE, 1993; OETTERER, 1995; WANG; SAKODA; SUZUKI, 2001; SILVA; COSTA; CLEMENTE, 2002; FURLANI, 2004; SAPATA, 2005; DAS; MUKHERJEE, 2007) .
The study performed in Japan (WANG; SAKODA; SUZUKI, 2001) with P. ostreatus cultivation using several malted grains species presented total carbohydrates varying from 35.7 to 45.5% and energy varying from 325.6 to 34168 Kcal. Those results were lower than the ones found in the present study (57.71 to 67.52%). However, the total metabolizable energy was lower in this study (211.86 to 251.32 kcal), mainly because available carbohydrates were not presented in the study of the authors. Bonatti et al. (2004) analyzed the centesimal composition of P. ostreatus and P. sajor-caju in banana tree straw residue and SIAMP and SIACN (Table 2 ). They were also higher than the results found by Oliveira (2000) growing P. ostreatus in crushed sugar cane, elephant grass and banana tree leaves, with variations from 9.25 to 18.95% in fiber.
The fiber content of the mushroom grown in Ochroma pyramidale (Table 2 ) is similar to the ones found by Ragunathan and Swaminathan (2003) in three Pleurotus species grown in cotton residue in India (20.40 to 21.6%). The values presented hereby are also higher than the percentages presented by Silva, Costa and Clemente (2002) , Bonatti et al. (2004) , Sapata (2005) and Toro et al. (2006) , who worked with several Pleurotus species and obtained large variations in fibers content in their studies (4 to 9 %; 7.60 to 9.86%, 7.3-23.5%; 11 to 11.9%, respectively). They are still higher than the results found in Agaricus blazei (OLIVEIRA et al., 1999; SHIBATA; DEMIATE, 2003) , with 9.28 to 10.13 and 14.57% for the respective studies.
The variation in ash content of the mushroom was 6.71 to 8.97% (Table 2 ). The highest ash content occurred in the mushroom grown in Simarouba amara Aubl. residue, being within the range cited by Chang and Miles (1989) and in agreement with Sturion (1994) , Manzi et al. (1999) , Oliveira (2000) , Furlani (2004) and Sapata (2005) . The results found were similar to the ones presented in the different A. blazei strains: 6.99 to 7.89% (SHIBATA; DEMIATE, 2003) . On the other hand, they were higher than the values reported by Toro et al. (2006) , when they worked with several species of Pleurotus grown in commercial substrate and obtained variation of 3.60 to 4.42% of ash. The values found were also higher than the ash content presented in P. tuber-regium (AKINDAHUNSI; OYETAYO, 2006) , with 2.6 to 4.0% for stipe and pileus, respectively; and L. edodes (ANDRADE; MINHONI; ZIED, 2008), grown in different species of Eucalyptus, with variation from 2 to 5%.
In relation to humidity, the values from 91.60 to 92% for fresh mushroom were considered normal, because mushrooms present about 90% of water in its composition (MAZIERO, 1990) . The results in fresh base are within the range found by several Pleurotus strains (OLMEDO; MASOUD; ISASA, 1980; CHANG, 1997; MANZI et al., 1999; RAGUNATHAN; SWAMINATHAN, 2003; GBOLAGADE et al., 2006) . The humidity of dry mushroom varied from 9.57 to 10.89%, in 
Conclusions
The nutritional composition of P. ostreatus varied according to the cultivation substrate.
P. ostreatus can be considered important food due to its nutritional features: high protein, metabolizable carbohydrates and fiber contents and low lipids and calories contents.
reported a reduction in the second flow for both mushrooms, except for humidity and gross fiber, which were higher in the second flow for P. sajor-caju only. Humidity, lipid, total carbohydrates, ash, fiber, total nitrogen and total protein contents for the mushrooms studied by those authors varied from 83.17 to 88.06, 2.24 to 5.97, 40.53 to 46.97, 4.08 to 5.58, 7.60 to 9.45, 3.7 to 4.20 and 16.21 to 18.40%, respectively. By comparing those results with the ones of present work, we could observe that the lipid values were higher than in the present study, while humidity, carbohydrates, ash and fiber were lower. Protein (Table 2 ) and N (Table 1) values were found within similar ranges.
The same P. ostreatus and P. sajor-caju strains were tested by Bonatti et al. (2004) , grown in banana tree straw and rice straw. The same analyses presented in the prior study were carried out by Bonatti et al. (2004) , but only for the first production flow. The comparative results showed that lipids contents found by the authors were higher (5.26 to 6.32%) than in the present study (Table 2) . Total carbohydrates (43 to 47%), ash (5.14 to 6.13%) and total fiber (7.60 to 9.86%) contents were surpassed again. Protein (13.1 to 18.4%) results were similar to the present study, except for the mushroom grown in Simarouba amara Aubl., which presented higher protein value than the one found by those authors (21.16%) ( Table 2 ). N percentages were also similar (2.96 to 3.85%), except for the mushroom grown in Simarouba amara Aubl. residue, which was higher (Table 1) . Sapata (2005) evaluated the composition of P. ostreatus grown in different agricultural residues and found variations in fiber (5.1 to 23.5%), total carbohydrates (37.8 to 50.7%), ash (5.3 to 8.3%), lipids (1.7 to 2.0%) and proteins (18.4 to 27.4%). By comparing the results of the author with the ones in Table 2 , we verified that fiber (18.86 to 31.30%) and total carbohydrate (57.71 to 67.52%) contents are lower than the present ones; ash (6.10 to 8.97%) and lipids (1.27 to 2.14%) contents were similar; and protein content (11.96 to 21.16%) was higher. However, it is important to emphasize that the protean analysis of the mushrooms of the present study was carried out by homogenizing all the mushrooms collected in all productive flows for each cultivation substrate, while the analyses performed in most of the works consulted here considered the mushrooms collected in the first flow only, resulting in higher protein contents due to the higher amount of nutrients in the substrate at that stage.
It is known that high nutritional composition of mushrooms is usually related to the pileus instead of the stipe, as proved in the studies carried out by Shibata and Demiate (2003), with A. blazei, and Akindahunsi and Oyetayo (2006) , with P. tuber-regium. Akindahunsi and Oyetayo (2006) proved it in relation to protein, lipids, ash and total carbohydrates in P. tuber-regium. However, the results found for pileus and stipe, respectively, for protein (13.8 and 7.8%), lipids (1.2 and 0.7%), ash (4.9 and 2.6%) and total carbohydrates (53.2 and 34%) were lower than the same compositions presented by P. ostreatus grown in the different substrates used in the present studyanalyzing the mushroom as a whole (Table 2) . Oliveira et al. (1999) determined humidity, lipids, ash, raw fiber, available carbohydrates, and proteins contents in
